intensity) and Cut! which often gives highly assymetric spectra containing, among other features, four lines. From analysis of such spectra it is possible to obtain information on the bonding of the metal and on the symmetry of the arrangement of the atoms surrounding it. (It should be noted that Cut is diamagnetic and so gives no ESR signal). V++ can give eight line spectra while Mo5+, which is normally a mixture of isotopes, gives 6-line spectra superimposed on stronger single line spectra. Iron signals from hem and from non-ham compounds are rather complicated and difficult to interpret in detail theoretically.
In crude biological materials, such as tissue samples, ESR signals might be expected to arise both from transition metals in paramagnetic valencies and from steady-state or equilibrium levels of labile free radical intermediates. These intermediates would come from those enzymic or other chemical reactions which happened to be going on in the materials, at the time they were examined at room temperature, or at the time they were frozen prior to low temperature examination. An important class of radical intermediates are semiquinones which arise from partial reduction of quinones or partial oxidation of hydroquinones. It is therefore obvious that signals, both from metals and from free radicals, shown by tissue samples will be highly dependent on the degree of oxidation or reduction prevailing in the tissues i.e. on the state of metabolism and oxygen tension. This in tum implies that methods of removing and preparing tissues for ESR work may be highly critical.
A further category of biological ESR is the study of radicals produced in radiation damage. Work in this field has been quite extensive but win not be discussed here.
Examples of studies carried out, despite the difficulties, on tissue samples include a suggestion (Commoner et al, 1961) that ESR of human liver biopsy samples might be useful in diagnosing obstructive jaundice. Other workers have found unusual signals from spleens of mice bearing implanted tumours (Brennan, 1965) . It should be noted that in work of this kind the microwave power used may affect the signals critically (Swartz et al, 1965) . A most interesting recent study has demonstrated a transient signal at g=2.035, arising before histological changes were manifest, during chemical carcinogenesis by several agents in rats (Vithayathil et al, 1965) . It was suggested that the signal arose from a common cellular intermediate in the carcinogenic process.
ESR has yielded valuable information in other fields of biochemistry particularly in enzyme chemistry. An example are studies on xanthine oxidase. The enzyme gives rise to signals from iron, from molybdenum and from the FAD semiquinone and ESR has helped to elucidate the part the constituents play in the catalytic cycle (Bray et al, 1965 In the electron-probe X-ray microanalyzer, specimens are exposed to a beam of finely focused electrons, usually 1-1 micron in diameter, and the local concentrations of chemical elements at the specimen surface are determined by the spectroscopic analysis of the emitted characteristic X-rays. Important components of the instrument are:
1. An electron gun, accelerating electrodes and magnetic lenses, similar to those in an electron microscope, but used to produce the probe.
2. Scanning coils or plates to position the probe on the specimen or to perform scans. 3. A detector for back-scattered or absorbed electrons, to produce scanning images as in the scanning electron microscope.
4. An optical microscope to help determine 'where the probe is' on the specimen. 5. One or more X-ray spectroscopes to analyse the X-rays generated in the specimen.
We shall elaborate on the following features and limitations of the method:-1. Data may be obtained in the form of local analyses in situ, quantitative line-scans, or images of the distribution of an element. The probe may be positioned for local analysis by reference to the electron-scanning image or with the help of the optical microscope. One gets a scanning image of the distribution of a particular element by modulating the scanning display tube with the output of the X-ray spectroscope instead of the electron signal.
2. Spatial resolution is usually of the order of one micron. This exceeds the effective range of the electrons in dense material. In soft biological tissue, the electron-range may be many microns, but one can preserve resolution by studying thin sections, or by using less penetrating, low-voltage electrons.
3. Specimens can be prepared for analysis by techniques involving little danger of contamination, or displacement of constituents. For example, one can simply section a piece of fresh-frozen tissue, place the section on a support and dry it by sublimation in vacuum. (In order to minimise background in the study of thin sections, the support should be a very thin plastic film). Reagents or stains are not necessary.
4. The method detects chemical elements as such. State of chemical binding has negligible influence in the analysis of the characteristic K X-rays from elements of atomic number Z~20; for elements in the range IO~Z<20, the effect of chemical state on the X-ray wave lengths is small but must sometimes be reckoned with; the effect may be substantial for Z< 10.
5. The method is quantitative, and one may analyse for all elements of atomic number Z~5. For Z~11, the sensitivity is approximately uniform, and amounts of element down to approx. 1O-1 5gm. and local concentrations (weight-fractions) down to approx. 10-4 are measureable. For Z<l1, recently developed diffractors or special methods must be used, and the sensitivity is not as good.
6. In thin specimens of soft tissue, the local amount of an element and its weight-fraction can both be measured, simultaneously. The intensity of an element's characteristic X-radiation is proportional to the elemental mass per unit area, and the intensity of the continuum (suitably corrected for background) is proportional to the total mass per unit area.
The following limitations should be kept in mind:-1. The electron beam may disrupt soft tissues. Intense beams are required for the assay of low concentrations of elements in thin specimens.
Although a heavy coating of evaporated aluminium (500-1,OooA thick) improves stability by conducting heat away, probedamage is nevertheless a limitation.
2. Specimens must be placed in a vacuum for analysis.
3. The theory of quantitation is rather involved. For thick specimens, the theory is complicated but sound so long as the electrons are confined to a homogeneous region (a common situation in bone), while quantitative results are dubious when this condition is not satisfied, notably in soft tissues. For specimens which are much thinner than the electron-range, the theory is simpler and not affected by inhomogeneities but calibration may not be easy.
4. It may be difficult to establish the position of a static probe, and hence the site of a local analysis, in cytological or histological terms. Cell types, individual cells, and nuclei and other cell organelles may not be recogniseable in the scanning electron image.
Identification by means of optical microscopy may also be difficult, since the optical microscopes which are built into probes cannot be as potent as universal research types, and the specimens may be unstained and aluminium-coated.
5. The method is not suitable for routine assay or bulk analysis. One may spend hours on a few square microns of specimen.
6. Microprobes are expensive (typically £30,000), and are not widely available.
The microprobe has been applied biologically in many laboratories. Examples may be selected from these topics-identification of foreign bodies (specifically, in the lung), pathological accumulations of heavy elements (specifically, iron in liver), calcification of bone, early calcification in arteries, localisation of histochemical stains, and normal distributions of various elements in tissues (specifically, sulphur in layers of the epidermis).
Much of this work has not yet been published, but the following List can serve as an entry into the existing literature:-Hale, A. J.
'Identification of cytochemical reaction products by scanning X-ray emission microanalysis, ' (1962) From its first analytical applications (Bowman et al, 1955 : Parker, et al, 1957 ) the technique of fluorescence photoelectric spectrometry developed within a decade to become a standard technique for trace organic and inorganic analysis. Reviews and text-books (Bartholomew, 1958 : Parker, et al, 1962 : Hercules, 1966 ) deal with the principles of its analytical application and the excellent text book of Udenfriend (1962) covers the applications in the biochemical field. The possibility of using phosphorescence measurement for analytical purposes was first suggested by Lewis and Kasha (1944) and was subsequently taken up by Freed and Salmre (1958) and by Parker and Hatchard (1962) . It now promises to rival fluorescence measurement as a method for the trace analysis of organic materials. The observation of delayed fluorescence was until recently of interest only to the photo-chemist, but it has now been shown to have potential value as an analytical technique also (Parker et al, 1965) . The object of this paper is to outline briefly the principles of all these techniques and to draw attention to some unusual results obtained with them.
Absorption of light by complex molecules in solution leads ultimately to the formation of molecules in two kinds of excited state (Parker, 1964) . The first is the excited singlet state that typically has a lifetime of about sec. This may return to the ground state with the emission of fluorescence, it may return by other processes that do not involve the emission of light, or it may pass over to the second kind of excited state-s-the triplet state.
In the absence of quenching processes, lifetimes oftriplet molecules are much greater than those of singlet molecules and at low temperatures in rigid media it is possible to observe light emission corresponding to the transition from the triplet state to the ground state. This emission may last for several seconds after the exciting light is shut off and hence it can readily be separated from the prompt fluorescence by means of a phosphoroscope.
This phosphorescence always appears at longer wavelengths than the fluorescence. Its spectrum is characteristic of the compound and provides an additional criterion for identification. Further criteria for identification may be obtained by measuring the excitation spectra of fluorescence or phosphorescence, i.e. the plot of the intensity of luminescence emitted against the wavelength of the light used to excite it. When correctly observed these excitation spectra provide a method of measuring the absorption spectra of the compounds at very low concentrations (Parker, 1958) .
With modern equipment, concentrations of fluorescent or phosphorescent compounds as low as 1 part in 1011 can be measured. One technique of particular value in the analysis of complex organic mixtures for certain components is that due to Shpol'skii (1960) and may be illustrated by reference to the determination of benz(a) pyrene. If a trace of benz(a)pyrene is dissolved in n-octane and the solution frozen to a crystalline mass at liquid nitrogen temperature, the molecules of benz(a)pyrene take up regular positions in the paraffin matrix and a very highly resolved and characteristic vibrational structure appears
